By using a modified Scatchard analysis, statistically significant differences were observed between the receptor affinities of the groups A aiid D, B and D, A and C.
I]insulin to isolated erythrocytes from four groups of women was investigated: By using a modified Scatchard analysis, statistically significant differences were observed between the receptor affinities of the groups A aiid D, B and D, A and C.
The receptor affinities and concentrations were not significantly different between the follicular and the luteal phases. From the data, no inverse correlation between the plasma insulin concentration and receptor binding was seen, i.e. the phenömenon of downiegulation pf insulin receptor concentration with hyperinsulinaemia seemed not to apply to erythrocytes.
The present results suggest that insulin binding to erythrocytes is mpdulated preferably or even exclusively by an alteration of receptor affinity and that short-term chariges in insulin binding to erythroeytes are not caused by an alterätion of receptor concentration.
Vergleich der Bindung von Insulin an Erythrocyten während und nach Schwangerschaft und in der Proliferationsund der Sekretionsphase des Menstruations-Cyclus
Zusammenfassung: Die Bindung von [ 
Introduction
Hormone binding to specific receptors locäted on the plasma membrane of a target cell is believed to be the first step in the sequence of events resulting in a definite biological response (1) (2) (3) . The magnitude of this response depends on the hormone concentration, the receptor concentration and the affinity of the receptor, whereby alterations in any one of these can alter the biological response. Insulin receptors have been defined in human mononuclear cells (4) (5) (6) (7) (8) adipocytes (2, 5) , placental cells (9, 10) , cultured lymphocytes (l 1), hepatocytes (12) , cultured fibroblasts (11), myocytes (13), gjanulocytes (14) , reticulocytes (15) and erythrocytes (11, .
Insulin action has been studied at the cell receptor level, and the insulin binding and therefore insulin sensitivity, has been shown to be altered in a number of pathological states (2, (4) (5) (6) (7) 9, 12, 13, 16, 20, 27, 31, (38) (39) (40) (41) (42) . The insulin receptor characteristics of the human erythrocytes were shown to be similar to those of other tissue ceUs (l, 2, 8, 10, 12, 13, 16, 20, 24) . Parallel alterations of insulin receptors of cells of various body tissues and monocytes on one hand (40) and of monocytes and erythrocytes on the other hand (27, 31, 33, 38, 41, 42) have led to the conclusion that erythrocytes thus can be considered äs representätive of insulin receptors on the cells of other body tissues. Furthermore, it has been proposed that insulin binding to human erythrocytes is a general measure of the insulin sensitivity of body tissues (16, 20, 31) .
Insulin binding to receptors is not a fixed biological process but is subject to modülation by alterations in either receptor number or affinity (2, 30, 43) . The former was thought to occur only in long-term regulation (4, 44, 45) , but recently an insulin-induced receptor loss mediated by internalization has been suggested (3) to explain a rapid downregulation of the insulin plasma membrane receptors in the presence of high hormone concentrations (46). Acute alterations in insulin binding seem to be most commonly caused by changes in receptor affinity (4, 44, 45, 47, 48) ,
The most populär method of graphical analysis of equilibrium binding data is the one described by Scatchard (49-52) to decide whether receptor concentration or affinity is altered. Binding data at equilibrium, however, do not distinguish between multiple classes of independent sites, negative coopefativity in binding or both multiple classes of cooperativejy interacting sites. Umtil nöw the negative cooperativity mödel has been proposed for the insulin receptor (49) and it is generally used to explain the curvilinear Scatchard plots of insulin binding data, though in the past two yeärs several repöfts have questioned this concept (53), Fürthermore, from the literature one can öbserve a peculiar correlation between the highest ligänd concentrations chosen by the investigator for extrapolation of tlie Scatchard plqt tö pf öVide an abscissa intercept and the calculated number of binding sites per cell derived frofn this intercept ( fig. 1 ), There is no definite criterion to decide the highest total ligänd concentration for extrapolation of the terminal slope of the Scatchard plot to proVide the total receptor concentration. Each investigätor has therefore chosen his own concentration, with the resült that a variety of values for the number öf receptors (between 10 and 2000/normal efythrocyte) has been described in the literatüre ( fig. 1 The Insulin receptor may be altered in many common situations, s well s in rare disorders, or situations accompanied by Insulin resistance such s diabetes (2, 20, 32, 55) , obesity (4), acromegaly (56), acanthosis nigricans (7), anorexia nervosa (27, 42) , uraemia (57), ataxia telangiectasia (6), pregnancy (9, 34, 35, 58) and during the menstrual cycle (33, 59, 60) .
By incl ding the modified Scatchard analysis, the present study is an attempt to elucidate an inter-relationship between the known insulin resistance during pregnancy and its reflection in an altered insulin binding to erythro cyte insulin receptors, by comparing the postpartum state, the follicular and the luteal phases of the menstrual cycle.
Materials and Methods

Subjects
Four groups of nonobese healthy females were studied: A 18 women within two weeks before delivery B 20 women within six days after delivery C 12 women within the follicular phase of the menstrual cycle D 11 women.within the luteal phase of the menstrual cycle. None of the subjects were taking any drug known to affect carbohydrate or insulin metabolism and none had a family history of diabetes. About 12 ml blood were drawn into a heparinized syringe (75 000 IU/1 blood) in the morning after an overnight fast by venipuncture.
Reagents and equipment
Hoechst AG: porcine [ 12S I] insulin, specific activity 6.41 GBq/mg (175 mCi/mg), lyophil.; Novo: porcine insulin, 10 X crystallized, l mg = 25 IU; Serva: bovine albumin, lyophil., pure, 92% (CoAw-Fraction V); EDTA · Na a -H 2 O; E. Merck: Nad;KCl; Cad 2 · 2H 2 O;Mga 2 · 6 HiO;P(-»0-glucose; Tris(hydroxymethyl)amino methane (TRIS); barbital sodium; sodium acetate, anhydrous; sodium azide; trichloroacetic acid; dibutyl phth jate, density 1.05 g/cm 3 ; Sigma: HEPES (N-2-hydroxyethylpiperazine*N'-2Tethane sulr fonic acid); Pharmacia: Ficpll-Paq e (100 ml contains: 5.7 g Ficoll 400, 9 g biatrizoate sodium), density 1.077 ± 0.001 g/cm 3 ; SephadexG-10; Hoffmann-La R che: Liquemin 25000 (heparin sodium salt). Buffer l: NaQ 50 rrimol/l; KQ 5 mmol/1; CaCl 2 10 rnmol/1; Mgd 2 10 mmolAiTRIS 50 mmol/1; EDTA -Na 2 2 mmolA; HEPES 50 mmol/1; Z)-glucose 10 mmol/1; bovine serum albumin l g/l; pH 7.4 at 15 °C; Buffer 2: barbital sodium 7.13 mmol/1; sodium acetate 11.8 mmol/1; sodium Chloride 138 mmol/1; sodium azide 15.4 mmol/1; bovine serum albunlin l g/l; pH 7.4. Trichloroacetic acid in water 100 g/l; Boehringer Mannheim: Test-Combination Glucose for the determination of glucose by the glucose oxidase method; Insulin was determined radioimmunologically s described elsewhere (61).
glucose. The cell pellet was resuspended with two parts of physiological saline, layered on 3 ml Ficoll-Paque and centrifuged at 400 g for 20 min at 20 °C. The supernatant incl ding the upper layer of the erythrocyte phase was aspirated and the cell pellet suspended in 2.5 parts of physiological saline, and the above procedure repeated. The resulting cell pellet was then suspended in 2.5 parts of buffer l to equilibrate the cells. After centrifugation of the cell Suspension at 800 g for 15 min at 20 °C the buffer was aspirated and the cell pellet resuspended in buffer l, so that the cell Suspension contained 3.3-6.6 · 10 12 /1. Cell counting was performed using a Neubauer chamber.
Purification of [ 125 7] insulin
The labelled hprmone was purified every three days using a Sephadex G-ίθ column (15 X 1.4 cm) with buffer 2 at a speed of 0.5 ml/min. 0.5 ml fractions were collected and the elution pattern showed one peak at the fraction numbers 6-10 (insulin) and another at the fraction numbers 25-35 (degradation products). Fractions 6 and 7 were combined and diluted with buffer l t o give a concentration of 0.9 nmol/1.
Insulin Standard Solutions
Crystallized insulin was dissolved in 0.03 mol/1 HC1 and diluted with buffer l to give various concentrations between 0.87 and 86 956 nmol/1. for 3 hours. After incub tion, 200 μΐ duplicate aliquots were tr nsferred to prechilled Eppendorf tubes containing 250 μΐ of buffer l and 250 μΐ of dibutyl phthalate. The tubes were centrifugedat 12 000 £ for 1.5 min and the total radioactivity of each tube counted in a gamma counter until 10 000 counts had been acc mulated. The supernatants were then aspirated with a Pasteur pipette, leaving about 50 μΐ of dibutyl phthalate on the pellet. The tips of the tubes were cut off with a heated scalpel and counted for 10 min.
Nonspecific binding and degradation o f insulin
Erythrocyte preparations
The preparation of human erythrocytes was performed according the procedures of yum (62) and Gambhir (23) with slight modifications. After centrifugati n of the heparinized blood samples at 800 g for 10 min at room temperature the plasma was aspirated, frozen and saved for the assays of insulin and
Data analyses
The fraction of radioactivity bound was determined by Fraction B _ erythrocyte pellet radioactivity total radioactivity in 200 μΐ of the incubated cell Suspension 
Results and Discussion
The fasting insulin and blood glucose levels did not differ for the follicular and the luteal phases whereas, äs already known (65), the insulin levels of the pregnant and the post-partum groups were higher and the blood glucose levels were lower in comparison with the nonpregnant states (tab. 1). Maximal specific [ 125 I]insulin binding was highest in group A followed by group B, whereas the fraction of binding of the groups C and D were lowest and nearly ideritical (tab. 2). The competitioninhibition curves for the four different groups studied are shown in figure 2. The half maximal competition concentration was read from this plot (tab. 2). The Scatchard plots ( fig. 3) were curvilinear when considering the entire ränge of total ligand concentrations investigated. However, in view of our recent findings (54) and their consequeiices, only the initial part of the Scatchard plot up to 2 nmol/1 was used for calculation of the affmity constants, K^, and the total number of receptor sites, R 0 . By equilibrium binding studies we demonsträted that erythrocytes were saturated with specifically bound insulin in the order of 0.1-0.2 nmol/l with 4 · 10 U /1 erythrocytes, and that up to a total ligand concentration of äböüt 5 nmol/l and a cell count of 4 · l O 12 /l more than 0.50 of the receptors were occupied. By further increasing of the total ligand concentrations the resulting data wefe more and more influenced by nonspecific binding, and the terrriinal piart of the Scatchard plot became artefactual and could nötibe used for calcul ation pröcedüres. We therefore decided to use total By focussing on the initial part of the Scatchard plot, curvilinearity disappeared and the character of this hormone/receptor System was reduced to one binding site with one characteristic affinity constant and a receptor concentration of one characteristic order.
The slope b (-K^), the intercept with the abscissa (x 0 ) and the receptor number (Ro) were caiculated äs described above; the results are summarized in table 3, and the corresponding significances pf the differences of Ka and x 0 values are denoted in table 4.
The availability of reproducible methods to measure cellular receptor characteristics has facilitated efforts to understand the mecharüsms of hormone actipn. In the case of Insulin, however, two difficulties seem to prevent homogeneous results. Firstly, there has been an increasing use of red blood cells for the investigation of insulin receptor characteristics, and the erythrocyte cannot synthesize receptor proteins; therefore, it can probably be assumed that acute regulation mechanisms may be restricted to affinity modulation. However, there are several reports (33, 35, 36, 59 , 60) which explain even rapid changes in insulin binding by alterations in receptor concentration evaluated by Scatchard analysis and by the negative cooperativity model up to high total ligand concentrations. The second uncertainty arose from the ill defined conditions in using the Scatchard plot to decide whether receptor concentration or affinity is altered. The higher the total ligand concentrations chosen to provide an intercept of the terminal slope with the abscissa, the higher is the calculated number of receptors per cell ( fig. 1 Tsibris et al. (34) found no difference in [ 125 I]insulin binding to erythrocytes in pregnancy and in the luteal phase of the menstrual cycle, whereäsMoare et al. (35) reported that insulin binding to erythrocytes was highest in the follicular phase and in pregnancy and both were significantly higher than insulin binding during the luteal phase. Like Moore et al. (35) we found insulin binding in the pregnant group higher than that in the luteal phase (tab. 2), but our data from the modified Scatchard analysis indicated a significant alteratiön in receptor affinity, whereasAfoore et al. (35) described a Variation in receptör concentration. Furthermore we found that [ 125 I]insulin binding in the pregiiäiit group was higher than that in the follicular phase, and this was cäused by an alteratiön of receptor affinity. Parturition did not alter the insulin receptor characteristics; Ka and R 0 values of the groups A and B were very similar (tab. 3 and 4). Despite the high insulin levels (tab. 1) groups A and B showed the highest iijsulin binding which was based on high affinity constants but ünaltered' receptor concentrations (tab, 2 an<I 3). We were therefore unable to find the well-known inverse correlätion between insulin binding and plasma insulin concentration for erythrocytes, i.e. the well^documented downregulation of insulin receptor concentration on plasrna membranes of other cell types cäused by hyperinsuliriäemia. Like Tsibris et al. (34) we found that insulin receptors did not decrease during pregnancy, despite hyperinsulinaemia, and suggest that sorrie factors exist during pregnaney that modüläte insulin receptors in a positive manner, äs seen by an increased affinity and partiäUy by an increased receptor concentration (tab. 3 and 4).
In summary, the current results indieate that erythrocytes seem to modüläte insulin binding chiefly or exclusively by an alteratiön of receptor affinity, and that short-term changes of insulin binding to erythrocytes could not be explained by an alteration pf receptor concentration.
